Brazil's production of common bean is insufficient to supply the domestic market. Factors such as plant density, cultivar, growing season, and nutrient uptake affect bean yield, suggesting the need for more studies to optimize bean production. The objective of this work was to evaluate the effect of plant density on seed yield components and nutrient uptake of two common bean cultivars grown in two different seasons. Field experiments were carried out at the IAPAR experimental site in Santa Tereza do Oeste, Paraná, Brazil in the wet and dry season using five planting densities: 6, 8, 10, 12, and 14 plants m -1 . The experimental design was randomized blocks with four replications and two bean cultivars of different growth types. The cultivars used were 'IPR Curió' (type I) and 'IPR Tangará' (type II), both have erect plant architecture and belong to the Carioca group. Obtained data underwent analysis of variance and regression. Macronutrient uptake was not affected by crop density probably due to nutrient availability and compensatory growth of the crop. High crop density per linear meter decreased the number of seeds and pods per plant but did not affect the first pod height or yield in both cultivars and seasons.
Introduction
Common bean (Phaseolus vulgaris L.) has great socio-economic importance in tropical countries because its seeds are a staple in this population's diet and an excellent source of protein and iron. In Brazil, it is grown in all regions employing low-and high-tech cropping systems (Lima et al., 2016) . However, Brazil's bean production is insufficient to supply the domestic market mainly due to low yields, on average 1 t ha -1 (CONAB, 2017) . To this end, field studies are needed to optimize crop management practices in order to boost yields.
As reported by Soratto et al. (2017) nutrient uptake may increase seed yield, mainly at lower plant densities. The common bean usually has a great capacity for compensation, that is to occupy empty areas where the number of established plants is lower than the recommended (J. G. Silva & C. C. Silva, 2005) . However, this compensation may be higher or lower depending on the cultivar's growth characteristics. Bush-type cultivars and those with determinate growth branch less and therefore compensate less (Comissão Técnica Sul-Brasileira de Feijão, 2012) .
Crop density, cultivar, growing season, and nutrient uptake affect bean yield. Therefore, the objective of this work was to evaluate the effect of planting density on seed yield components and nutrient uptake of two bean cultivars grown in the wet and dry season.
Material and Method

Location Characterization
This work was carried out at the experimental site of the Agronomic Institute of Paraná, Santa Tereza do Oeste, Paraná, Brazil. According to the Köppen classification, climate in the experimental area is of the Cfa type with the following characteristics: subtropical, humid, the annual average temperature is below 18 °C and the average temperature in the warmest month above 22 °C, hot summers, not very frequent frosts, and precipitation mostly concentrated in the summer months but without a clearly defined dry season.
The soil on the site was classified as Typic Dystroferric Red Latosol (Santos et al., 2014a) , and base saturation 64%.
Experimental Design and Analytical Procedures
The experiment was conducted during two different growing seasons known as wet-and dry-season harvest, common for crop production in the region. For the wet season, sowing was carried out in October 2014 and for the dry season in February 2015.
Treatments encompassed five planting densities: 6, 8, 10, 12, and 14 plants m -1 . The experimental design was randomized blocks with four replications each and two bean cultivars of different growth types in each season. Growth type I (determinate, bush, and erect) and type II (indeterminate, bush, erect, with few branches) cultivars were used (Vieira et al., 2005) . The cultivars were 'IPR Curió' (type I) and 'IPR Tangará' (type II), both from the Carioca group. 'IPR Curió' has a growth cycle of 70 days and 'IPR Tangará' 87 days.
No-till cultivation system was used. Each experimental plot had six rows five meters long spaced 0.45 m apart. Four central rows in each plot were considered in this experiment, and two guard rows on both sides and two meters from both ends were discarded.
The following fertilization scheme was used at planting: 20 kg ha -1 N, 60 kg ha -1 P 2 O 5 , and 60 kg ha -1 K 2 O. Crop treatments were carried out following technical recommendations for the cultivars used. Nitrogen top-dressing fertilization was carried out at the V 3 stage using 100 kg ha -1 of urea (45% N).
The following traits were evaluated: first pod height, number of pods per plant, number of seeds per plant, yield, and foliar levels of macronutrients.
At harvest, 10 plants were randomly collected to determine the number of pods per plant, number of seeds per pod, and first pod height measured from the soil surface.
Plots were harvested mechanically. The yield was determined in kg ha -1 adjusted to 13% humidity.
At full flowering, samples of mature leaves were collected from the apex of thirty plants in each plot, according to Oliveira (2004) . The samples were then washed with distilled water and dried in a forced air circulation oven at 65 °C for 72 h. Next, the samples were milled in a Wiley-type mill with a 0.84 mm mesh sieve. Dry matter was mineralized using the nitric-perchloric mixture (3:1 v v -1
). Concentrations of Ca and Mg were determined by atomic absorption spectrophotometry, K by flame emission photometry, S by turbidimetry, and P by colorimetry. To determine N concentrations, samples were mineralized with sulfuric acid according to the semi-micro Kjeldahl method.
Obtained data underwent analysis of variance and regression using the Assistat software (Silva, 2015) Best fit linear, quadratic, logarithmic, and exponential models were chosen using regression coefficient and biological logic.
jas.ccsenet. The number of pods per plant and the number of seeds per plant decreased linearly with increasing crop density for both cultivars and seasons ( Figures 1C-1F ). With crop density up from 8 to 14 plants m -1 , the number of pods per plant for 'IPR Curió' was down 38% in the wet and 48% in the dry season, while for 'IPR Tangará' the reduction was 40% in both seasons. The same behavior was observed for the number of seeds per plant, which on average was down 46% for 'IPR Curió' and 41% for 'IPR Tangará' in both seasons, a trend already demonstrated by Agudelo et al. (1972) as a normal response of the species to high crop density.
Results
No
Higher crop density leads to greater intraspecific competition, which reduces the number of pods per plant and the number of seeds per plant probably due to flower abortion and reduction (Távora et al., 2001; Lopes et al., 2011) . Bezerra et al. (2010) found that an increased population density from 5 to 15 plants m -1 reduced the number of pods per plant by 63% and 69%, respectively.
Seed yield was not significantly affected by seasons or crop densities ( Figures 1G and 1H) . The average yield for 'IPR Curió' was 2944 kg ha -1 and for 'IPR Tangará' 3289 kg ha -1
. Almeida & Sangoi (1994) found that seed yield of 'Carioca' cultivar (indeterminate growth) decreased when crop density increased from 10 to 15 plants m Studying 'IPR Tangará' and different density arrangements, Souza et al. (2014) found that a population increase from 90 to 250 thousand plants per hectare reduced the number of pods per plant but did not affect seed yield. We therefore infer that under a small crop density on an experimental plot bean compensatory growth affects components of seed yield, as described by Adams (1967), Fernandes et al. (1989) , and Ribeiro et al. (2004) . Consequently, crop compensatory growth, if available, may help reduce production costs by using fewer seeds for planting. Moura et al. (2012) stated that bean yield is related to the population of plants because the spatial arrangement affects the efficiency of solar radiation absorption. Santos et al. (2014b) found increased seed yield up to 15 plants m -1 , and reduced seed yield from that point on. In this work, however, seed yield was similar at different plant densities, thus evidencing crop compensatory growth in both seasons. Therefore, planting density for both studied cultivars does not expressively interfere with components of yield. No significant differences in leaf macronutrient levels were observed with respect to crop density in both seasons (Figures 2 and 3) . What may have led to this result is the fact that the experiment was carried out under the no-till system (NTS) on a highly fertile soil, which was able to evenly provide nutrients to plants despite higher crop density. Straw accumulation on the soil under NTS favors nutrient recycling, soil aggregation, water storage, and soil organic matter maintenance, with positive effects on fertility (Boer et al., 2007; Crusciol & Soratto, 2010) .
Cultivars 'Pérola' and 'IAC Alvorada' under high levels of fertilization presented similar uptake and export of nutrients . This means that in well-fertilized soils nutrient levels found in bean plants are usually equal, indicating that the level of soil fertility has a stronger impact on this trait than crop density. Among evaluated macronutrients, nitrogen and phosphorus levels were the highest, corroborating data found by Carvalho et al. (2014) , and Perez et al. (2013) . Common bean genotypes with higher biomass yield has, in general, higher nutrient uptake, mainly, N and P (Westermann et al., 2011) . Vol. 10, No. 10; 2018 
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